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SB^X IN PLANTS.

By Josiah Hoopes, Esq., West Chester, Pa.

But a very small percentage of onr agricviltiiral community are ac-

quainted with the organs of reproduction in plant-life, although thor-

oughly conversant with the laws that govern the procreation of the

animal world, and the necessity of careful selection when increasing-

their flocks and herds. Although presented in as practical a manner
as possible, the writer is desirous of disclaiming any idea of origin-

ality in the present paper, rather depending upon his personal obser-

vations, extending over a long series of years, whilst following in the

footsteps of the great leaders in structural botany. That there is

quite as much importance attached to the selection of parents in the

plant world as there is in the animal kingdom, is a self-evident fact,

thoroughly and satisfactorily proven by experiments which admit of

no doubt whatever.

The genesis of life is a single cell throughout all organic nature, and
the sexual laws by which the vegetable world are ushered into exist-

ence, are justly entitled to our most careful investigation and study.

We cannot, with exact certainty, control all the various attributes of

the offspring in plant life, but by a judicious selection of parentage,

we may feel reasonably certain that a portion at least of the desirable

qualities of the parents can be transmitted to their offspring. To un-

derstand this subject properly, it will be necessary to briefly describe

the various parts of a flower, those organs instrumental in the forma-
tion of seed, together with the methods in vogue for influencing the

character of a new race of plants. As this paper purposes treating

only of the essential organs of plants, i. e., those necessary for generat-

ing their kind, all other portions of the plant will have to be passed
over without extended remarks, although many species have the

power of reproduction by means of underground stems or stolens^

bulblets on the stem, etc.
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a.

Taking for example the flower of a cherry, we have presented an

apt illustration of the subject. In the centre may be observed what

is known as the pistil, cor-

responding to the female

sex, and composed of the

ovary, a rounded body at

the base, wherein is en-

Half of a Cherry-blossom, r-losed the OVUle Or em-
Illustrating all the essential

organs. (After Gray), ^ryo Seed awaiting fertil-

ization. The stem of this organ, known as

the style is porous or a hollow tube, as it were,
.

offering a passage for the pollen or dust-like

particles necessary for fertilizing the ovules.

At the summit of the style is a cap or stigma

with a rough surface, covered with a glu-

tinous substance that holds tightly any for- pjg 2. Essential organs of a Llly
, ] ,-1 (Lilium).

eign obiect that may chance to lodge mere- a—stamen, b—Anther, o—Pollen
' ,„,-, 1 , 4-:^r^ Filament, e—Pistil, f—Stig-

on ITnlike other riarts 01 the reproaucnve g_styie. h-ovary. (After
. n G-ray).

oa-gans, the stigma has no skm or covering ot

any description, but is merely composed of loose tissue. Clustered

around this pistil are the stamens, corresponding to the male organs,

and mav be described as follows : Upon a stalk or filament is located

the anther, a little case containing the fertilizing material known as

the pollen.' The latter, when mature, is discharged through slits in

Fig. S. Pollen grains, highly magnified,

a—Morning Glory (Ipomfpa purpurea). b-Black

Oyster-plant (Seorzonera Hispanica).

Fig. 4. Pollen grains, highly magnified.

-Hollyhock (Althcea rosea), b—Passion flow-

er (Passlflora carnlea).

the sides of the anther, and the minute particles falling on the glutin-

ous cap of the pistil, are gradually drawn down the orifice of the style

to the ovary, where they fertilize the ovules, and the maturing process

commences at once. These pollen grains are usually rough in exterior

to enable them to hold on tightly to any object where they may be

cast.

The microscope enables us to investigate the process of fecundation

ill an exceedingly interesting manner. A pollen-grain is really an

accumulation of cells enclosed in two coverings, the outer one thick

and the inner thin. When the pollen grain alights on the stigma of the

pistil, the inner coat at once prolongs into a tube and pushes its way

through one of the minute slits or pores of the outer covering. These

pollen-tubes are capable of great extension, and continue increasing
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Fig. 5. Pollen grains, high
ly magnified,

a—Common Rush (luncus

in length on their downward course through the style until they reach

the ovary. Here, the life-giving principle, called fovilla, is dis-

-y. charged, and when it enters the

ovule the latter rapidly increases

in size, the little embryo plant is

created, and the seed for a suc-

ceeding generation of plants has

been perfected.

The pistil, or female organ, is

beyond a doubt the most import-

t'^ti'ssimnmK 'c-^eda^^ P^rt of a fiowor, as all others
Lebanon ( cedrus Libani

) subsorvient to it, and in some

way assist in protecting and developing its func-

tions. In most species of plants the male and fe-

male organs in their immature state, are enveloped

in various colored flower leaves known as petals,

and in a complete flower these, in their turn, are pro-
, , , 1 J.1 1 Pollen grains, highly

tected by green leaves known as sepals, or the calyx. magnified.

There is such a very great diversity in the forni of ^TZ"spI''i^Th?"sam;
„ with pollen-tube, pass-

our various flowers that the student oi plant-sex ing down the style to
. the ovarv.

should carefully investigate this very iiuporiaiit

feature before entering upon the practical application of his know-

ledge in the work of cross-fertilization. Whilst some specimens

have but a single pistil, others are supplied with u large number, and

the same arrangement applies to the stamens.

Just here it will be as well to bear in mind that an imperfect flower

is one deficient in either stamens or pistils, the necessary essential

organs, and an incomplete flower is wanting in either calyx or corolla,

the latter not being necessary in the formation of seed.

Not only is there a decided difl:erence in the number of essential

organs in the various species, but

there is a well-marked distinction in

their arrangement or plan, all of

which must be closely observed

when studying the reproduction of

plant life. Perhaps the most import-

ant, and, at the same time, perplex-

ing disposition of the essential or-

gans is that known as dioecious,

where the male and female organs

are in separate flowers, some blossoms containing staminate or male

organs, and others supplied with pistillate or female alone.

This arrangement may occur in the same plant, or in separate indi-

viduals. Again, there are species termed polygamous, where some

flowers are perfect, and other either staminate, pistillate, or neuter,

Fig. 7. Moonseed (Menispermum Ganadense),
illustrating diiecious flowers,

a—Male or staminate flower, b—Female or pis-

tillate flower. (After Gray).
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the latter having neither stamens or pistils are consequently incapa-

ble of producing seed.

The disputed point among horticulturists regarding the sexes of

strawberries can only be explained in one way. There are no strictly

pistillate plants without stamens. This is a self-evident fact, as the

female organs cannot produce fruit, and consequently seeds, with-

out the aid of pollen from the sta-

mens. Of course they may be fe-

cundated by the male organs of

other varieties, with the assistance

of insects, but that all strawberries

are provided with stamens, al-

though sometimes quite rudiment-

ary, is a well-proven truth, so that

all so-called purely pistillate varie-

ties can and will produce seeds

without the intervention of other

sorts. True, some flowers in many
plants are deficient in pollen, so

that it is advisable to set other

kinds abundantly provided with

these essential bodies in close

proximi ly.

The greatest practical benefit to be derived from a thorough ac-

quaintance with the sexes of plants is the assistance it affords in our

experiments in hybridizing species or cross fertilizing varieties, for

the purpose of originating new forms. The common method of col-

lecting seeds indiscriminately, rejying on insects to perform the indis-

pensable work of impregnation, is useless, even when the plants are

growing near together. In most cases, the essential organs of a

flower perform the task assigned them in preference to aid from other

flowers, so that the only certain method to obtain a cross is by re-

moving the stamens, and supplying the pistil with pollen taken from

another plant.

In the entire range of horticultural duties, there is not one so

fraught with interest nor any requiring a deeper insight into plant-

life, than hybridization, but the novice must understand at the very

outset, that a thorough and a practical knowledge of the sexes of our

plants is an absolute necessity to insure success. In selecting a

natural order of plants for our experiments, there are none that afford

a wider field of usefulness, nor one that is more readily manipulated,

than the Rosaceae, which embraces a large proportion of our edible

fruits, and some of our most valued ornamental flowers. Here, we

can select the apple, pear, peach, apricot, plum, cherry, quince, straw-

berry, raspberry, blackberry, etc., with the queen of flowers, the rose.

Fig. 8. Flowers of Scotcli Pine (Pinus sylvestris).

illustrating a monEecious plant,

a—Male or sterile flowers, b—Female or fertile
flowers.
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By referring to our previous description, of the essential organs of

plants, the inexperienced student will notice the female portion of

the flower, or pistil, is situated prominently in the center, with the

male organs, or stamens, clustered around it. As there is a marked

difference in the constitutional ability of some varieties to produce

seed, it is advisable to select the most vigorous, healthy and reliable

kinds to serve as the female parent. For instance, among roses, the

General Jacqueminot, of the Remontant or Hybrid Perpetual class,

produces a remarkable abundance of hips, or berry-like fruit, and is,

therefore, admirably fitted for the purpose. The selection of a suit-

able variety to act as staminate or male parent, is really of little con-

sequence, so far as the mere accomplishment of impregnation is con-

cerned, but it should receive due consideration in our effort to produce

a new form, embodying certain requisites that we are anxious to per-

petuate.

A few years since, whilst engaged in making a careful microscopical

examination of the pollen-grains of the apple, with a view to ascer-

taining the cause of failure in many varieties, it was interesting to

note that several of these pollen-grains were abortive, and conse-

quently useless for self-impregnation, and yet in some varieties, noted

for their productiveness, the above were remarkably abundant and

apparently unusually healthy and vigorous. The Right Hon. Lord

Penzance, who has succeeded in raising a new race of roses, by cross-

ing some of the old-fashioned garden sorts on the Sweet Briar (Rosa

rubiginosa), and in the course of his experiments, he states: "I have

since found out what I did not anticipate, that it is a first rate seed

flower and more certain to bear fruit, when fertilized with the pollen

of other roses, than any other roses or class of roses, in my experience,

has presented itself." At the present time there are many interesting

experiments in progress, with the Rosa rugosa as the female parent,

and the results so far are exceedingly encouraging. In this connec-

tion, it may not be out of place to particularize the work of Mr. Jack-

son Dawson, of the Arnold Arboretum, whose success with the Ru-

gosa hybrids has been almost phenomenal. The writer noticed in a

recent visit, one particular seedling having the General Jacqueminot

as a male parent, and the result was a Rosa rugosa in growth and

foliage, with the brilliant crimson color of the former. Other crosses

were equally as important to the rosarian. Hybridizers seem to have

ignored the claims of our fruit interest in a measure, although here is

a broad and inviting field for intelligent work. The wonderful

achievement of Mr. Burbank, of California, in obtaining so many valu-

able new hybrids and cross varieties of fruits, is sufficient proof of the

importance of operating with a distinct object in view, instead of de-

pending on chance seedlings that may or may not result favorably,

with the chances greatly in favor of the latter.
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The operation of artificial fertilization is neither difficult to un-

derstand or perform. After a judicious selection of the two parents,

it consists merely in removing the male organ from the flower with

the aid of a pair of sharp-pointed scissors. It must be borne in mind
that this should be accomplished before the anthers are ready to dis-

charg-e their contents.

If delayed too long, our work of artificial hybridization will be use-

less, for should a single grain of pollen fall on the stigma, all idea of

crossing must be given up. After the stamens have been removed
from what is intended to be used as the female parent the stigma of

the pistil must be impregnated with pollen from the selected male

parent.

This is accomplished with the aid of a soft camel's hair brush, which
will collect the pollen from the anthers and deposit it upon the pistil,

where it will be firmly held until gradually drawn down to the ovaries.

After having effected the artificial fecundation, the flower must be

covered securely with light gauze so that all risk of outside interfer-

ence may be avoided. The work of insects must be always borne in

mind, owing to the persistance of these little busy-bodies in collecting

honey, and at the same time carrj-ing pollen-grain from one flower to

another; indeed, the largest proportion of cross fertilization is so per-

formed, but of course, we are unaware of the true parentage in such

contingencies. When artificial impregnation has proven successful,

the ovaries commence developing, and soon mature, but if the reverse

should be the case, the embryo fruit turns yellow, and soon drops from

the branch.

To properly understand the sexual organs of plants, it is necessary

to investigate their sexual character, as well as the metamorphuses
they are liable to undergo. A flower is but

a modified branch, the several parts of

which are liable at any time to be trans-

fdiiiied into stems and leaves. For in-

stance, so-called "double flowers," as gar-

den varieties of the rose, are really meta-

morphosed stamens developed into petals,

but in almost every instance there are suf-

ficient male organs remaining to perform the

function of frutiflcation, the pistils mostly

continuing intact. An interesting ex-
Fig. 10. Green Rose ( Viridiflora). '

„ .

showingthetransformatiohof the ample of this transformation may be
essential organs into green bract- ^

liite leaves. gp^y ^i^p "Green Rose," an old

time variety, now rarely grown, excepting in the collections of curious

freaks, where all the petals have been changed into well marked

green leaves. This foliaceous monstrosity, by many years of cultiva-

tion, has become fixed, and the unique spectacle of apparently green
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flowers may afford gratification to lovers of noYelty, but not to the

naturalist who is gratified alone with Nature in her legitimate form.

The arrangement of sexes in our various cultivated plants, forms

a helpful and interesting study, but without first mastering the prin-

ciples of structural botany, it is impossible to turn our knowledge to

a practical use. The subject is far too extensive to describe in detail

here, but it may not be out of place to revert to the reproductive or-

gans of a few of our trees and plants, those most valuable to the agri-

culturist, with a view to originating new and improved varieties. In

this paper, we have already alluded to the fruits belonging to the great

Natural Order Rosaceae, and as their flowers are very simple and

easy to understand, it is unnecessary to reiterate our remarks, except-

ing to impress upon the novice how essential it is to select a parentage

on both sides embodying the most desirable qualities that one could

hope for in the offspring.

A very interesting genus to the hybridizer or student or morphologi-

cal botany, is found in the Vitis, or grape family. In the American

species, the flowers are what are termed dioe-

cious-polygamous, that is, the sexes are pro-

duced in dift'erent flowers and on different

plants, and some are hermaphrodite. A cur-

ious feature, is the arrangement of the petals,

which are loosely fastened at the top (cohe-

rentK and separated at the base, causing them Fig.a. The Grape (Vitis), poiyg-
' ^

_ _ amous in our native species.

to fall before expansion, and permitting the a-Fiower opening, petals siigw-
. Iv coherent at the top. b—The

essential organs to stand out m full view, same, withpetalsfallen. (After... Gray).

when they may readily be manipulated by

the hybridizer. A broad and most interesting field of experiment

is here offered to the student, as our own native grapes combine so

many valuable requisites, needing only that of a superior quality to

make them perfect.

Original experiments with the potato and tomato, for they belong

to the same natural order, Solanaceae or nightshade family, should

claim our most careful attention, as too many of the newer varieties

are merely the result of chance seedlings without any knowledge

whatever of their paternal origin. The various genera belonging to

this natural order are provided with regular flowers, having five sta-

mens, and composed usually of five parts. Stamens many, protruding

beyond the orifice, and united with each other. In the potato, the

anthers are inserted on the corolla, and open at maturity by two term-

inal pores. Very little difficulty is experienced in accomplishing the

operation of cross-fertilization in either of the above two esculents.

Their essential organs are arranged so conspicuously that the stamens

may readily be removed before the anthers are prepared to discharge

their contents. The solitary pistil or female organ is also quite con-

spicuous and easily fertilized.
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Although foreign to the subject of sexes in plants, the writer cannot

refrain from alluding to the necessity of carefully selecting the finest

formed and perfect tubers of the potato to plant for the succeeding

crop. This esculent is to all intents and purposes a mere under-

ground stem with buds (eyes), and bracts answering to leaves, so that

when the tuber, or any portion thereof, is planted in the soil, growth

commences similar to a cutting taken from an ordinary branch above

ground. It may, therefore, readily be seen that to secure the best

results, the finest tubers should be selected for propagating purposes,

the same as a good gardener chooses the strongest and most promising

limb to perpetuate his trees and plants.

There is a phase of this subject with which we have nothing to do

in this place, although not devoid of interest. The question of whole

or sections of a tuber, for planting purposes appears to have strong

advocates on either side, but it is not unlikely that results are gov-

erned more by the quality of the soil and care in cultivation than in

the actual size of the seed-potato.

We now arrive at an important feature closely connected with the

subject of sexes in our plants, and one which exerts a wonderful and

mysterious influence upon the succeeding generation. It is what
gardeners term "fixing" a sport or variation from the original type.

Occasionally, from some unaccountable cause, one may notice a pecu-

liar deviation from the characteristics of the parent, and if worthy of

cultivation, the gardener's skill is taxed to develop and perpetuate it.

If it is a hard-wooded plant, the usual systems of grafting, layering,

etc., are resorted to, and the desired end is accomplished with little

trouble, but if it should be a herbaceous annual plant, to be increased

by seeds alone, then nothing short of several years of constant care

can produce the desired result.

It is a well known fact that all vegetation possesses an innate power

to sport into distinct and occasionally improved forms. We cannot

explain this physiological truth, but we know that these modifica-

tions may become in time so permanent, that their seeds will produce

exact representatives of the original type. The system pursued by

seed-growers abroad, as well as at home, in fixing chance varieties

from the primitive source, requires intelligence, patience, close atten-

tion to details and more than all, an inborn love for plants. Seeds

produced by an accidental sport will frequently revert back to the

normal condition, without a solitaiy specimen showing the peculiar

characteristics of its parent, although it is usual for some of the

seedlings to present some little change from the usual form. In a bed

of young plants of this character, it is necessary to immediately re-

move all specimens that have reverted back to the type, and carefully

preserve the seed of those which approach our ideal of the new de-

parture. The second season's experience will, as a rule, be more sat-
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isfactory, but the same attention to removing unremunerative seed-

lings, will be quite as necessary.

A gradual setting of the type, will after this become apparent, al-

though it will be indispensable to watch closely for variations, owing

to the fact that all plants show a marked propensity to return to

their normal condition. These variations from the type are remark-

able in many ways, and are not confined to regularly formed single

flowers, as the artificial or unnatural double forms are just as liable

to sport into a variety of colors and shapes.

This change in our cultivated plants is brought about by a variety

of causes, such as sterility in the soil, or, on the other hand, a ple-

thoric state owing to a surplus of stimulating material; or, it may be

of atmospheric origin altogether, the environment in any case tending

to create the new variety which most plants are seemingly always

ready to produce under satisfactory conditions. Any of these circum-

stances will frequently induce a flower to undergo the morphological

change known to florists as "double flowers," the nature of which has

been previously explained in this paper, so that the cultivated species

that has no variety with numerous petals in place of stamens, is the

exception to well regulated laws.

Such monstrosities as double flowers of tulips, fuchsias, lilies, con-

valarias, etc., are cases in point, but fortunately the tendency of the

public taste is now towards the flower in its natural condition, as is

instanced in the demand for single dahlias, cosmos, etc.

Perhaps the most curious feature in this variation of plant-life is to

be found in the change of color, that almost invariably results after

any plant has sported into some tint differing from the type. The

mere act of setting this sport seems to exert an influence on the flowers

of succeeding generations, and it is usual to find variations of every

color in a few years. The truth of this assertion may be tested by

simply glancing over the pages of our seedsmen's catalogues of to-day

and comparing their lists with those offered a few seasons past. In

fact, judging from the experience of our skilled plantsmen in this line,

notliing is too difficult for them to accomj>lish.

The old-fashioned small petunia flower of our boyhood days, repre-

senting but one, or two at most, colors, can now be produced in almost

every conceivable tint, relieved by the most intricate veinings and

lovely shading, and withal, as perfectly double as the most enthusias-

tic florist could desire. This is but one instance out of very many, as

scarcely one of our garden flowers can be named that has not passed

through the same artificial process, to please the taste of lovers of

novelty, for we cannot truthfully add, beauty.

Variation in every direction is constantly changing, either becom-

ing more perfect or returning to the normal state. And here is where

the skill and watchfulness of the expert is most needed. The moment
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a retrograding specimen is noticed, the plant must be removed, for

fear of contaminating the improved strain, whilst the tendency of

these flowers is along the line of gradual improvement, or rather

towards an intensified type of the original sport.

There is actually more hope of obtaining a valuable new form from
these variations than from a plant in its natural state, as the mere
effort of alteration or modification appears to act as an incentive to

produce other distinct departures.

The production of new grasses, of which wheat, oats, rye, etc., are

familiar examples, are not tractable to the hybridizer, owing to the

numerous flowers being arranged so compactly on the terminal spike,

and yet working on the principle of high cultivation and careful selec-

tion for a series of years, new and improved forms are constantly

being originated and placed on the market. The cross-fertilization

of Indian corn, however, which is likewise another member of the

Gramineae, or family grasses, is attended with comparatively little

trouble. This valuable plant, the Zea Mays of botany, is monascious,

that is having staminate and pistillate flowers distinct, but borne on

the same plant. The male spicate racemes known as the tassel, are

terminal, and in preparing our work of hybridization should be re-

moved, before tlie stamens are matured, thus leaving the female or

pistillate spikelets, known as the ears, to be fecundated by pollen

to be procured from other related varieties. To produce a perfect

cross with some desired form, pollen from the latter must be shaken
on the silk, or to speak technicallj-, the long capillary styles which
are exserted from the envelopes of the spike, and forming at maturity,

the well known ear of corn. This systematic work of producing new
varieties of Indian corn is not only exceedingly interesting, but of the

greatest benefit to our farmers, and cannot fail to prove successful, if

proper care is exercised in making the cross.

It must be borne in mind, however, that a single unwelcome pollen-

grain will destroy the value of our intended new form, and to prevent

this, immediately after the embryo ear of corn has been pollinated, it

should be loosely encased in light gauzy material. We may reason-

ably expect to secure the good qualities of any two varities by this sys-

tem, as for instance, extreme earliness from one parent, and large size

from the other; or in the case of sweet corn, we may possibly combine
earliness with a sweet delicious flavor, an improvement greatly to be

desired. There is a marked difl'erence in the susceptibility of various

species of our plants to cross fertilize each other. Although some
may be planted in close proximity, without any danger of destroying

the purity of the crop, there are others that seem to mix and sport

into a variety of forms and colors, even when the greatest precaution

is taken. The Aquilegia or Columbine, among ornamental flowers,

and the pea among esculent plants, are excellent illustrations of the
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latter. There is no sure way of preventing contamination excepting

bj planting the several kinds a considerable distance apart, and even

under such circumstances bees and other insects will carry the pollen

from one to another.

There is a striking feature in the similarity of the reproduction of

animals and plants which has been well proven by Darwin and others,

and that is, the decided advantage to be gained by cross fertilization

in plants and cross-breeding in animals. It is undeniable that Nature

is constantly endeavoring to produce cross-fertilization throughout

the entire range of both the animal and vegetable creation. It is in-

dispensable for the best interest and welfare of her subjects; indeed,

in some species of flowers, they really seem unable to fecundate

themselves effectively without the assistance of insects, as for in-

stance, clover, or the well-known yucca. In and in breeding in every

instance, tends to deterioration, and cross-fertilization increases the

vigor and health of the plant or animal. Few farmers but what are

aware of the necessity of occasionally changing their seed of grain or

esculent vegetables, but do they really know the underlying principle

that causes this necessity. It is not merely a change of soil, but is

owing in a great measure to a deviation from the same generation of

self-pollinated plants. A change becomes a needful event in the life

and well being of the plant, and in consequence of this change, suc-

ceeding generations are imbued with renewed health and vigor.

Careful experiments have proven the truth of this statement beyond a

doubt, and it would be well for our practical agriculturists to frame

their plans accordingly.

The possibilities of hybridizing any and all our fruits, thereby pro-

ducing new and improved forms, is beyond question, as has been re-

peatedly proven by Mr. Luther Burbank, of Santa Eosa, California.

After years of patient labor and experiment, he states: "There is no

barrier to obtaining fruits of any size, form or flavor desired, and none

to producing plants and flowers of any form, color or fragrance; all

that is needed is a knowledge to guide our efforts in the right direc-

tion, undeviating patience and cultivated eyes to detect variations of

value." This eminent scientist and horticulturist, by strict attention

to the principles which govern growth, and a knowledge of the rela-

tionship existing between certain allied genera of plants, has suc-

ceeded in originating entirely new and distinct races, showing in some

instances very little affinity to their parents. Occasionally, the char-

acteristics of but one parent is noticeable, but by far the greater por-

tion of such hybridized seedlings possess the distinguishing marks of

both ancestors. Incidentally, the seedlings will show some marked

character at the outset, and then, without any apparent cause, they will

break into the most curious and eccentric forms imaginable, so that it

is very important to thoroughly test these new creations until their

characters are fully established.



In testing the value of the male parent, we cannot be certain that
the progeny will inherit any of its peculiar or distinguishing marks,
although we may reasonably hope to secure a portion of them. Mr.
Burbank says, in this connection: "Tomatoes may be grown from seed
pollenated from potato pollen only, and Juglans regia from nuts pol-

lenated only from Juglans cinerea or J. nigra. The common Calla has
often been grown from seeds pollenated only by Calla albo-maculata;
also pure wheat from rye pollenations, and vice versa; pure black-
berries, raspberries and dewberries from apple, rose, quince or moun-
tain ash pollenations. Seedling lillies very rarely show the effect of
foreign pollenation, though often producing seed much more abund-
antly than with pollen of the same species. These facts have been
observed by me so often, and have been worked on so extensively, and
can be proven so readily that the common theory of parthenogenesis
must, in these cases, be set aside. There is no barrier to obtaining
fruits of any size, form or flavor desired, and none to producing plants
and flowers of any form, color or fragrance; all that is needed is a
knowledge to guide our efforts in the right direction, undeviating
patience and cultivated eyes to detect variations of value."

Hybridism not only causes a change in flowers and fruits, but also
in the plant itself. Mr. Burbank describes and illustrates some most
remarkable instances of this, which he originated in the raspberry
and blackberry, where the stems are of almost every imaginable tint,

from pure white to purple and even black; and while some are fur-

nished with very few rudimentary prickles, others again are clothed
with formidable sharp spines, in addition to all the intermediate
grades. This is particularly noticeable in a lot of blackberry canes
crossed by the raspberry, where all were raised from seed of one plant,
and yet the most wonderful diversity in color of bark and prickles
were grown. The foliage sports into an almost endless variety of

shapes, from the finely dissected fern-like leaf, to an intensified char-
acter of the parents.

In summing up the different phases of this interesting subject, with
a full appreciation of its great importance, especially to our farmers
and horticulturists, the writer may well ask whether he has explained
the matter in an entirely lucid manner, so that his readers may profit

by his advice. The whole question is as yet but imperfectly under-
stood, as the laws governing the reproduction and growth of plants,

are subject to so many contradictory results in the hands of our scien-

tific experts; but gradually, the apparent mysteries are being un-

ravelled, so that we may confidently hope for a more enlightened con-

dition of the subject for future experimenters. .•
"

No one should attempt the improvement of our fruits, without first

studying all the various features connected with sex, and then select-

ing the parents with a discriminating eye as to desired results. The
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mere crossing of two well known garden or orchard forms, rarely re

pays us for the trouble, but by selecting some one of our finest varie-

ties of fruit for the male parent, and pollenating a hardy native

species, it is really wonderful what may be accomplished. Disap-

pointment may very possibly ensue at the first attempt, but by stead-

ily persevering, success will assuredly crown our efforts.

Occasionally it is found beneficial to use the seedlings of the first

generation as mother plants, for a new race, which may be improved

by pollenization from some variety of undoubted excellence. Impa-

tience and discouragement should never be permitted to divert our at-

tention from the slow and tedious, but intensely interesting work in

hand, as it may require several years to develop some highly im-

proved variety, that the hasty experimenter might be tempted to pre-

maturely cast aside. To the botanical student, scientific investiga-

tions of this character offer unexcelled advantages for prosecuting his

research in the way of sexes in plants. The practical hybridizer ob-

tains more information in the practice of his favorite pursuit than he

could possibly acquire from any other source, even from the best tech-

nical treaties on the subject.

In conclusion, I wish to appeal to the young men of our Common-

wealth not to rest satisfied in merely following in the footsteps of

their fathers, but to search out and originate methods for their own

guidance. The field for original research is vast, and the amount of

good that such investigation may accomplish is beyond calculation.

Whilst writing this paper, the temptation to branch off from the strict

letter of the text, sexes in plants, has been exceedingly diflicult to

overcome, owing to the many important side-issues which have con-

stantly claimed attention. That these have been ignored was not

from a sense of their subordinate position, but from a feeling of duty

to adhere as closely as possible to the original topic.
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